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[Designation of Document] Specification 

[Title of the Invention] METHOD OF MANUFACTURING A TRANSMISSION 
BELT 
[Claims ] 
[Claim 1] 

A method of manufacturing a transmission belt having an 
adhesive rubber layer, in which tension members are embedded 
in a longitudinal direction of the belt, and ribs disposed 
adjacent to the adhesive rubber layer to extend in the 
longitudinal direction of the belt, the method being 
characterized in that 

a two -layered cylindrical -shaped molded body composed 
of short -fiber containing rubber laminated on an inner 
peripheral side thereof and adhesive rubber laminated on an 
outer peripheral side thereof is extrusion-molded by an 
expansion die gradually enlarged in diameter from an inlet to 
a discharge port , and then cut out to make a short -fiber oriented 
rubber sheet , on which the adhesive rubber is laminated, 

the short -fiber oriented rubber sheet is cut to a 
predetermined length in a longitudinal direction to make a molded 
sheet with adhesive rubber, 

and at least tension members and the molded sheet with 
the adhesive rubber are wound round a mold, the tension members 
and the adhesive rubber are made adjacent to each other to 
fabricate a belt molded body, and the belt molded body is cured 
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and ground to finish a belt sleeve provided with ribs. 
[Claim 2] 

A method of manufacturing a transmission belt having an 
adhesive rubber layer, in which tension members are embedded 
in a longitudinal direction of the belt, and ribs disposed 
adjacent to the adhesive rubber layer to extend in the 
longitudinal direction of the belt , the method being 
characterized in that 

a two -layered cylindrical -shaped molded body composed 
of short-fiber containing rubber laminated on an inner 
peripheral side thereof and adhesive rubber laminated on an 
outer peripheral side thereof is extrusion -molded by an 
expansion die gradually enlarged in diameter from an inlet to 
a discharge port, and then cut out to make a short -fiber oriented 
rubber sheet , on which the adhesive rubber is laminated, 

the short -fiber oriented rubber sheet is cut to a 
predetermined length in a longitudinal direction to make a molded 
sheet with adhesive rubber, and 

at least the molded sheet with the adhesive rubber , tension 
members and the molded sheet with the adhesive rubber are wound 
round a mold, the tension members and the adhesive rubber are 
made adjacent to each other to fabricate a belt molded body, 
and the belt molded body is cured and ground to finish a belt 
sleeve provided with ribs arranged on the upper and lower molded 
sheets . 
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[Claim 3] 

The method of manufacturing a transmission belt, 
according to claim 1 or 2 , wherein in the process of making 
the short -fiber oriented rubber sheet, on which the adhesive 
rubber is laminated, the adhesive rubber is extruded in a manner 
to cover an outer peripheral surface of the previously extruded 
short-fiber containing rubber and a two-layered 
cylindrical -shaped molded body with the adhesive rubber 
surrounding and being laminated on the outer peripheral surface 
of the short -fiber containing rubber is extruded from an 
expansion die composed of an inner die and an outer die, which 
are gradually enlarged in diameter from the inlet to the 
discharge port . 
[Claim 4] 

The method of manufacturing a transmission belt, 
according to claim 3, wherein in the process of making the 
short-fiber oriented rubber sheet , on which the adhesive rubber 
is laminated, a semi-product with the adhesive rubber covering 
the outer peripheral surface of the previously extruded 
short-fiber containing rubber is simultaneously extruded from 
the inlet of the expansion die to mold a cylindrical- shaped 
molded body with the adhesive rubber surrounding and being 
laminated on the outer peripheral surface of the short -fiber 
containing rubber. 
[Claim 5] 
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The method of manufacturing a transmission belt, 
according to claim 3, wherein in the process of making the 
short -fiber oriented rubber sheet , on which the adhesive rubber 
is laminated, the short-fiber containing rubber is caused to 
enter from the inlet of the expansion die and the adhesive rubber 
is caused to enter in a portion between the inlet and the discharge 
port of the expansion die to be extrusion-molded into a 
cylindrical- shaped molded body with the adhesive rubber 
surrounding and being laminated on the outer peripheral surface 
of the short -fiber containing rubber. 
[Claim 6] 

The method of manufacturing a transmission belt, 
according to claim 5, wherein an entrance position of the 
adhesive rubber is between the inlet and the discharge port 
of the expansion die, and a clearance of a rubber passage 
extending from the entrance position of the adhesive rubber 
to the discharge port is increased corresponding to a thickness 
of the adhesive rubber being laminated. 
[Designation of Document] Specification 

[Technical Field] 
[0001] 

The invention relates to a method of manufacturing a 
transmission belt , and more particular, to a method of 
manufacturing a transmission belt , such as V-ribbed belt , double 
V-ribbed belt, and the like, which can be molded at low cost 
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with less production man-hour and which is excellent in 
lateral-pressure resistance and can reduce noises in running. 
[ Background Art ] 
[0002] 

Conventionally, a method of orienting short fibers in 
non-cured rubber in a fixed direction comprises throwing 
short-fiber containing non-cured rubber into a pair of calendar 
rolls having different rotational speeds as in the rolled sheet 
fabricating process , orienting short fibers in the rolled rubber 
sheet in a rolling direction of the sheet, and cutting the sheet 
according to a molded belt width. Thereafter, several rolled 
sheets as cut aire overlapped on one another to have a 
predetermined thickness , and subsequently a laminate with short 
fibers oriented widthwise is wound round a molding drum as in 
the winding process to fabricate a transmission belt. 
[0003] 

That is, in a method of manufacturing a transmission belt 
such as V-ribbed belt and raw-edge V-belt, one to plural sheets 
of cover canvas and an adhesive rubber layer are wound round 
a peripheral surface of a cylindrical -shaped molding drum, 
tension members composed of cords are spun spirally on the cover 
canvas and the adhesive rubber layer, then a compression rubber 
layer is successively wound to provide a laminate, and the 
laminate is cured to make a belt sleeve. The compression rubber 
layer used here has a thickness corresponding to that of three 
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to four rolled sheets, and has short fibers oriented in a 
direction of sheet width, the compression rubber layer being 
wound round a molding drum. 
[0004] 

Since a rolled sheet cannot have short fibers oriented 
adequately in a direction of sheet rolling unless it is small 
in thickness, however, sheets are unavoidably overlapped on 
one another to provide for a desired thickness, so that much 
man-hour is necessary to obtain a belt molded sheet. 
[0005] 

As measures for improving such situation, there has been 
proposed an arrangement, in which an extruder mounting thereon 
an expansion die is used to orient short fibers in a 
circumferential direction of an extrusion cylinder body, an 
enlarged space is provided in a middle space to have a flow 
passage width varying from a predetermined flow passage width 
of an inlet space to a predetermined flow passage width of an 
outlet space, and setting is made such that a cross sectional 
area of the outlet space of the expansion die is made larger 
by a predetermined amount than a cross sectional area of the 
inlet space, a flow passage width of an inlet portion is smaller 
than that of a middle portion, and a flow passage width of an 
outlet portion is not greater than a flow passage width of the 
middle portion (for example, see Patent Document 1). 
[0006] 
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Moreover, it has been proposed to use a sheet, which is 
formed from a short - fiber containing rubber composition by means 
of an expansion die, for a transmission belt, and for example. 
Patent Document 2 discloses using an extruder, which is provided 
at an outlet portion thereof with an expansion die having V-rib 
molding grooves, to extrude a cylindrical -shaped rib rubber 
tube, using a sheet, which is formed by cutting out the rib 
rubber tube, to mold and cure a V-ribbed belt molded body on 
a metal die, and grinding rib surfaces of V-ribs of the belt 
molded body to fabricate a V-ribbed belt. 
[0007] 

[Patent Document 1] JP-B-6-9847 
[Patent Document 2] JP-A-8-74936 

[0008] 

[Problems that the Invention is to Solve] 

In the case where a considerably sticky material such 
as chloroprene is used even in a method making use of a 
conventional expansion die, however, roughening is generated 
on rubber surfaces since a surface layer, in particular, an 
outer peripheral layer will not flow smoothly due to a large 
frictional force generated between the layer and a die inner 
peripheral surface. Therefore, adherence between rubber being 
a matrix and fibers is bad, and orientation is bad, so that 
such material is actually difficult in some cases to be used 
for a compression rubber layer of a transmission belt. 
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It is necessary to improve a rubber compound in forming and 
extruding accurate V-ribs from a short-fiber containing rubber 
composition by means of an expansion die. A short -fiber oriented 
rubber sheet extruded by means of an expansion die is a single 
layer. In using the short-fiber oriented rubber sheet, a 
transmission belt cannot be molded at low cost with less 
production man-hour. It was necessary to improve further on 
making a transmission belt. 
[0009] 

The invention copes with the above-mentioned situation, 
and has its object to provide a method of manufacturing a 
transmission belt, such as V-ribbed belt, which can be molded 
by laminating a rubber layer corresponding to a compression 
rubber layer with short fibers oriented in a fixed direction, 
and an adhesive rubber layer containing no short fibers together 
and smoothly extruding the layers while generation of roughing 
of rubber surfaces is prevented, production man-hour is reduced, 
and cost is decreased, and a method of manufacturing a 
two-layered rubber sheet for the transmission belt. 
[0010] 

[Means for Solving the Problems] 

That is, the invention according to claim 1 resides in 
a method of manufacturing a transmission belt having an adhesive 
rubber layer, in which tension members are embedded in a 
longitudinal direction of the belt, and ribs disposed adjacent 
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to the adhesive rubber layer to extend in the longitudinal 
direction of the belt, the method being characterized in that 

a two -layered cylindrical -shaped molded body composed 
of short -fiber containing rubber laminated on an inner 
peripheral side thereof and adhesive rubber laminated on an 
outer peripheral side thereof is extrusion-molded by an 
expansion die gradually enlarged in diameter from an inlet to 
a discharge port, and then cut out to make a two -layered rubber 
sheet, on which the adhesive rubber is laminated, 

the two- layered rubber sheet is cut to a predetermined 
length in a longitudinal direction to make a molded sheet with 
adhesive rubber, 

and at least tension members and the molded sheet with 
the adhesive rubber are wound round a mold, the tension members 
and the adhesive rubber are made adjacent to each other to 
fabricate a belt molded body, and the belt molded body is cured 
and ground to finish a belt sleeve provided with ribs. 
[0011] 

According to the invention, by extrusion molding a 
two-layered cylindrical -shaped molded body with adhesive 
rubber laminated on an outer peripheral side of short -fiber 
containing rubber and then linearly cutting out the 
cylindrical -shaped molded body to make a molded sheet with the 
adhesive rubber, smooth extrusion is enabled to prevent 
generation of roughing of rubber surfaces, and by beforehand 



laminating the adhesive rubber and the molded sheet, which will 
make a sheet for compression rubber, there is produced an effect 
that a transmission belt can be molded at low cost with less 
production man-hour. 
[0012] 

The invention according to claim 2 resides in a method 
of manufacturing a transmission belt having an adhesive rubber 
layer, in which tension members are embedded in a longitudinal 
direction of the belt , and ribs disposed ad j acent to the adhesive 
rubber layer to extend in the longitudinal direction of the 
belt, the method being characterized in that 

a two -layered cylindrical -shaped molded body composed 
of short-fiber containing rubber laminated on an inner 
peripheral side thereof and adhesive rubber laminated on an 
outer peripheral side thereof is extrusion-molded by an 
expansion die gradually enlarged in diameter from an inlet to 
a discharge port, and then cut out to make a two-layered rubber 
sheet, on which the adhesive rubber is laminated, 

the two -layered rubber sheet is cut to a predetermined 
length in a longitudinal direction to make a molded sheet with 
adhesive rubber, 

and at least the molded sheet with the adhesive rubber, 
tension members and the molded sheet with the adhesive rubber 
are wound round a mold, the tension members and the adhesive 
rubber are made adjacent to each other to fabricate a belt molded 
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body, and the belt molded body is cured and ground to finish 
a belt sleeve provided with ribs arranged on the upper and lower 
molded sheets. 
[0013] 

The invention according to claim 3 resides in a method 
of manufacturing a transmission belt, wherein in the process 
of making the two-layered rubber sheet, on which the adhesive 
rubber is laminated, the adhesive rubber is extruded in a manner 
to cover an outer peripheral surface of the previously extruded 
short -fiber containing rubber and a two -layered 
cylindrical- shaped molded body with the adhesive rubber 
surrounding and being laminated on the outer peripheral surface 
of the short -fiber containing rubber is extruded from an 
expansion die composed of an inner die and an outer die, which 
are gradually enlarged in diameter from the inlet to the 
discharge port . 
[0014] 

The invention according to claim 4 resides in a method 
of manufacturing a transmission belt, wherein in the process 
of making the two-layered rubber sheet, on which the adhesive 
rubber is laminated, a semi-product with the adhesive rubber 
covering the outer peripheral surface of the previously extruded 
short-fiber containing rubber is simultaneously extruded from 
the inlet of the expansion die to mold a cylindrical- shaped 
molded body with the adhesive rubber surrounding and being 
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laminated on the outer peripheral surface of the short-fiber 

containing rubber. 

[0015] 

The invention according to claim 5 resides in a method 
of manufacturing a transmission belt, wherein in the process 
of making the two-layered rubber sheet, on which the adhesive 
rubber is laminated, the short-fiber containing rubber is caused 
to enter from the inlet of the expansion die and the adhesive 
rubber is caused to enter in a portion between the inlet and 
the discharge port of the expansion die to be extrusion-molded 
into a cylindrical -shaped molded body with the adhesive rubber 
surrounding and being laminated on the outer peripheral surface 
of the short -fiber containing rubber. 
[0016] 

The invention according to claim 6 resides in a method 
of manufacturing a transmission belt, wherein an entrance 
position of the adhesive rubber is between the inlet and the 
discharge port of the expansion die, and a clearance of a rubber 
passage extending from the entrance position of the adhesive 
rubber to the discharge port is increased corresponding to a 
thickness of the adhesive rubber being laminated , and resistance 
to entrance of the adhesive rubber into the rubber passage is 
reduced to make it easy for the adhesive rubber to surround 
the outer peripheral surface of the short -fiber containing 
rubber and to enable uniformizing a thickness of the adhesive 
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rubber . 
[0017] 

[Best Mode for Carrying Out the Invention] 

Embodiments of the invention will be described below with 
reference to the accompanying drawings . 

Fig. 1 is a schematic view illustrating the process of 
making a cylindrical- shaped molded body, having been subjected 
to extrusion molding, a two-layered rubber sheet, to which 
adhesive rubber is laminated, while linearly cutting out the 
molded body. In an apparatus 1 used in this process, a first 
extruder 2a for kneading short -fiber containing rubber with 
rotation of an extrusion screw 4a in a cylinder 3a, and a second 
extruder 2b for kneading short-fiber non-containing rubber with 
rotation of an extrusion screw 4b in a cylinder 3b are connected 
to a back of an expansion die 5, and the rubber extruded by 
the first extruder 2a and the second extruder 2b is introduced 
into a rubber passage 8 defined by a shaft 6 and a cylindrical 
portion 7 . 
[0018] 

In the expansion die 5, an inner die 10 mounted on the 
shaft 6 and an outer die 13 connected to the cylindrical portion 
7 are combined together to define the rubber passage 8. The 
inner die 10 comprises a cone-shaped body to be gradually 
enlarged in diameter from an inlet 11 to a discharge port 12. 
An aligning block body 14 is combined in the vicinity of the 



13 



inlet 11 of the outer die 13 to be able to make a thickness 

of the extruded rubber uniform. 

[0019] 

The second extruder 2b for kneading and extruding 
short-fiber non-containing adhesive rubber 16 is arranged close 
to the inlet 11 of the outer die 13 relative to the first extruder 
2a to extrusion -mold a two -layered cylindrical -shaped molded 
body 17 composed of previously extruded short -fiber containing 
rubber 15 , an outer periphery of which is coated with the adhesive 
rubber 16 . The adhesive rubber 16 possesses a rubber f lowability 
to completely surround an outer periphery of the short -fiber 
containing rubber 15. The extruded cylindrical -shaped molded 
body 17 is cut out by cutting means 19 and then wound. 
[0020] 

The first extruder 2a and the second extruder 2b rotatably 
receive extrusion screws 4a, 4b in the cylinders 3a, 3b, and 
charge rubber compound from a material charging inlet to knead 
the same with rotation of the extrusion screws 4a, 4b. At this 
time, gases or the like generated from an air and the rubber 
compound within the cylinders 3a, 3b are discharged from an 
exhaust port (not shown) . Temperatures of the cylinders 3a, 
3b are modified according to a kind of rubber to be normally 
adjusted to 40 to 100° , and short fibers and rubber are heated 
to a temperature, at which mixing is made easy, to be made 
thermoplastic for easy extrusion molding. Also, a kneading time 
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in this case is adjusted to an extent to inhibit curing of rubber. 
[0021] 

The inner die 10 of the expansion die 5 is gradually 
enlarged in diameter toward the discharge port 12 to be 
cone-shaped, and received in the outer die 13 to provide a gap 
of a predetermined thickness between the inner die 10 and the 
outer die 13. The short-fiber containing rubber 15 is gradually 
subjected to extension toward the discharge port 12 in a 
circumferential direction to orient short fibers in the 
circumferential direction, and is simultaneously subjected to 
extrusion molding into a cylindrical -shaped molded body 17, 
an outer layer of which is surrounded by the adhesive rubber 
16. 

[0022] 

The expansion die 5 is arranged to be perpendicular to 
the first extruder 2a and the second extruder 2b, which are 
horizontally arranged, and the cylindrical -shaped molded body 
17 is extruded from the discharge port 12 against gravity, so 
that the cylindrical- shaped molded body 17 is not deformed due 
to gravity and so relatively small in dimensional change. Also, 
the expansion die 5 arranged vertically is hard to bend due 
to a deadweight of the inner die 10, so that a clearance between 
the inner die 10 and the outer die 13 is kept constant and a 
cylindrical -shaped molded body 17 can be finished to be small 
in thicknesswise deformation. 
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[0023] 

Also, the rubber passage 8 defined by the inner die 10 
and the outer die 13 makes a substantially uniform gap from 
the inlet 11 to the discharge port 12 to permit smooth flowing 
in. a longitudinal direction without braking extrusion of a 
cylindrical- shaped molded body 17, and the cylindrical- shaped 
molded body 17 is finished to be free from internal strain and 
uniform in thickness. 
[0024] 

A shape of the inner die 10 constitutes a primary factor 
having an influence on a magnitude of a shearing force. A taper 
angle with gradual enlargement in diameter from the inlet 11 
to the discharge port 12 amounts to not less than 30° but less 
than 90° , the inlet has a diameter of 20 to 60 mm, the discharge 
port has a diameter of 100 to 440 mm, and an expansion ratio 
(discharge port /inlet) being a ratio thereof is set to 1.5 to 
12.5. When setting is under the range , extension in the vicinity 
of the discharge port 12 of the inner die 10 in the circumferential 
direction is small and short fibers become hard to be oriented 
circumf erentially on inner and outer layers of a 
cylindrical -shaped molded body 17 having a large thickness, 
and when setting exceeds the range, extension in the 
circumferential direction becomes excessive, so that a 
cylindrical -shaped molded body 17 is liable to tear in the case 
where extrusion pressures are not adequate. 
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[0025] 

In order to restrict internal heat generation of rubber 
present in the rubber passage 8 between the inner die 10 and 
the outer die 13, a cooling device (not shown) can be provided 
to circulate a cooling water within the inner die 10 . The cooling 
device introduces a cooling water into the inner die 10 and 
the outer die 13 to pass the same through passages provided 
in the respective dies with a pump to discharge the same from 
the respective dies, thus circulating the cooling water. 
[0026] 

The cutting means 19 cuts out a cylindrical- shaped molded 
body 17 as shown in Fig. 5 along a direction of extrusion to 
make a two-layered rubber sheet 20 as shown in Fig. 6, and 
comprises bladed tools such as cutter and knife , or laser knife , 
and ultrasonic vibration cutter. The rubber sheet 20 is fed 
via guide rolls by a drive roll to be wound round a take-up 
roll while a liner such as canvas is laminated thereon. 
[0027] 

In another apparatus 1 , shown in Fig. 2 , on which adhesive 
rubber is laminated , a first extruder 2a for kneading short - f iber 
containing rubber 15 with rotation of an extrusion screw 4a 
in a cylinder 3a , and a second extruder 2b for kneading 
short-fiber non-containing rubber 16 with rotation of an 
extrusion screw 4b in a cylinder 3b introduce the extruded rubber 
into a rubber passage 8 provided on a back of an expansion die 
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5. 

[0028] 

The first extruder 2a connects to the expansion die 5 
in an axial direction of the extrusion screw 4a, and the second 
extruder 2b is arranged perpendicular to the first extruder 
2a- And the adhesive rubber 16 extruded from the second extruder 
2b is liable to surround an outer periphery of the short -fiber 
containing rubber 15 when striking against a rectifying 
projection provided in a position distant from a tip end 25 
of the extrusion screw 4a of the first extruder 2a. 
[0029] 

An inner die 10 of the expansion die 5 is gradually enlarged 
in diameter toward a discharge port 12 to be cone-shaped, and 
received in an outer die 13 to provide the rubber passage 8 
having a gap of a predetermined thickness between the inner 
die 10 and the outer die 13. A cone-shaped separate body 27 
mounted and fixed to the inner die 10 causes rubber flow to 
evenly diverge at 360 degrees to be extruded into the rubber 
passage 8 between the inner die 10 and the outer die 13. 
[0030] 

The short-fiber containing rubber 15 is gradually 
subjected to extension toward the discharge port 12 in a 
circumferential direction to orient short fibers in the 
circumferential direction, and is simultaneously subjected to 
extrusion molding into a cylindrical- shaped molded body 17, 
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an outer layer of which is surrounded by the adhesive rubber 
16, as shown in Fig. 5. The cylindrical -shaped molded body 17 
immediately after extrusion as shown in Fig. 6 is formed into 
a two-layered rubber sheet 20 as shown in Fig. 6 while being 
cut out by cutting means 19 along a direction of extrusion. 
The short-fiber containing rubber 15 has a thickness of 1.5 
to 10 mm and the adhesive rubber 16 has a thickness of 0.1 to 
1 . 0 mm. 
[0031] 

In this manner, in the apparatus 1 shown in Fig. 2, the 
short -fiber containing rubber 15, which has been extruded and 
an outer periphery of which is covered with the adhesive rubber 
16 , is simultaneously extruded from an inlet 11 of the expansion 
die 5 to mold the cylindrical -shaped molded body 17 composed 
of the short -fiber containing rubber 15, an outer periphery 
of which is covered with the adhesive rubber 16, while in an 
apparatus 1 shown in Fig. 3, short -fiber containing rubber 15 
is caused to enter from an inlet 11 of an expansion die 5 and 
adhesive rubber 16 is caused to enter in a position P between 
the inlet 11 and a discharge port 12 of the expansion die 5 
whereby a cylindrical -shaped molded body 17 composed of the 
short -fiber containing rubber 15, an outer periphery of which 
is covered with the adhesive rubber 16, is extrusion-molded. 
[0032] 

More specifically, in the apparatus 1 shown in Fig. 3, 
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a first extruder 2a for kneading short -fiber containing rubber 
15 with rotation of an extrusion screw 4a in a cylinder 3a extrudes 
rubber from the inlet 11 to the discharge port 12 of the expansion 
die 5 . Meanwhile, a second extruder 2b for kneading short-fiber 
non-containing rubber 16 is arranged in a state to intersect 
the first extruder 2a and cause the adhesive rubber 16 to 
cylindrically enter in a position P between the inlet 11 and 
the discharge port 12 of the expansion die 5 from a 
circumferential arranged rubber reservoir 35 via a rubber 
passage 36. 
[0033] 

A definite step is provided in the entrance position P 
on the rubber passage 8 as shown in Fig. 4, and a width of the 
rubber passage 8 extending from the entrance position P to the 
discharge port 12 is increased corresponding to a thickness 
of the adhesive rubber 16 as laminated whereby resistance to 
introduction of the adhesive rubber 16 into the rubber passage 
8 is reduced to make the adhesive rubber easy to surround an 
outer periphery of the short -fiber containing rubber 15 and 
the adhesive rubber 16 is made uniform in thickness. There is 
caused no problem provided that the entrance position P is 
between the inlet 11 and the discharge port 12, and it is 
preferable that the entrance position be in the midway between 
the inlet 11 and the discharge port 12. 
[0034] 
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Then the short-fiber oriented rubber sheet 20 provided 
with the adhesive rubber 16 is cut to a predetermined length 
to make a molded sheet 54 with adhesive rubber 52. 
[0035] 

Subsequently, an explanation is given to a method of. 
manufacturing a V-ribbed belt making use of the molded sheet 
54 with the adhesive rubber 52, which is obtained in the above 
method, with reference to Fig. 7. 
[0036] 

First, as shown in Fig. 7, a molded body 55 for a V-ribbed 
belt is formed by winding a cover cloth 51 , as a belt constituting 
material, made cylindrical -shaped by machine joints of plain 
weave canvas, knit fabric, or the like, composed of synthetic 
fiber such as polyester, nylon, aramid, vinylon, or the like, 
or natural fiber, or blended yarn thereof, tension members 53 
composed of fiber cord, and the molded sheet 54 with the adhesive 
rubber 52, which is cut to a predetermined length, on a mold 
50. Of course, there is no need of using a back-surface 
reinforcement material 51 in the invention. 
[0037] 

Also, in the case where a belt molded body for a double 
V-ribbed belt is to be finished, the molded sheet 54 with the 
adhesive rubber 52, tension members 53, and the molded sheet 
54 with the adhesive rubber 52 are wound as belt constituting 
materials on a mold 50 as shown in Fig. 8 to make a belt molded 
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body 55, and the tension members 53 are interposed between the 

adhesive rubber 52. 

[0038] 

The belt molded body 55 thus obtained is cured in a normal 
manner to provide a belt sleeve. Subsequently, the belt sleeve 
is trained round a drive roll and a driven roll and caused to 
run under a predetermined tension while a rotating grinding 
wheel 57 is moved to abut against the running belt sleeve to 
grind a plurality of ribs 56 on the molded sheet 54 for compression 
rubber at a time. The belt sleeve thus obtained is removed from 
the drive roll and the driven roll, and the belt sleeve is caused 
to run while being trained round another drive roll and another 
driven roll, and cut to a predetermined length to finish 
individual V-ribbed belts. 
[0039] 

In molding a double V-ribbed belt, the other surface of 
the belt sleeve is subjected to grinding to provide rib grooves . 
This method can be carried out according to, for example. Patent 
No. 2762238. 
[0040] 

Fig. 9 is a cross sectional view of the V-ribbed belt 
thus obtained. A V-ribbed belt 70 comprises tension members 
71 embedded in adhesive rubber 72, a plurality of ribs 74 having 
a substantially triangular- shaped cross section to extend on 
a compression rubber layer 75, which is an elastic layer below 
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the tension members, in a longitudinal direction of the belt, 

and a back-surface reinforcement material 76. 

[0041] 

Short fibers 77 contained in the ribs 74, which comprise 
short fibers composed of nylon 6, nylon 66, polyester, cotton, 
or aramid, are mixed to improve a lateral-pressure resistance 
of the ribs 74. it is preferable that the short fiber is aramid. 
[0042] 

In order that the aramid short fibers adequately exhibit 
the above-mentioned effect , the aramid short fibers have a fiber 
length of 1 to 20 mm, and their addition amounts to 1 to 30 
parts by mass relative to 100 parts by mass of rubber. The aramid 
short fibers contain aramid having an aromatic ring in molecular 
structure, for example, Conex, Nomex, Kevlar, Technola, Towalon, 
or the like, by a product name. 
[0043] 

In addition, when an addition of the aramid short fibers 
is less than 1 part by mass, the ribs 74 lacks a lateral-pressure 
resistance, and when an addition of the aramid short fibers 
is over 30 parts by mass, the short fibers will not be evenly 
dispersed in rubber. However, such addition of the aramid short 
fibers is not essential but short fibers composed of other 
materials may be added. 
[0044] 

As rubber used for the adhesive rubber 7 2 and the 



23 



compression rubber layer 74, hydro -ni try 1 rubber, chloroprene 
rubber, natural rubber, CSM, ACSM, SBR, and ethylene-a-olef in 
elastomer are adopted, and the hydro-nitryl rubber has an 
hydrogen additive rate of not less than 80 %, and is preferably 
not less than 90 % in order to exhibit properties such as heat 
resistance and ozone resistance. Hydro-nitryl rubber having 
an hydrogen additive rate of not greater than 80 % is much reduced 
in heat resistance and ozone resistance. Taking account of oil 
resistance and cold resistance, an amount of combined 
acrylonitrile is preferably 20 to 45 %. Among others, 
ethylene-a-olef in elastomer having oil resistance and cold 
resistance is preferable. 
[0045] 

Typical of the ethylene-a-olef in elastomer is EPDM, which 
means ethylene-propylene-diene monomer. Listed as examples of 
diene monomer are dicyclopentadiene , methylene norbornene, 
ethylidene norbornane, 1, 4-hexadiene, cyclooctadiene , and so 
on. Also, ethylene-propylene base rubber (EPR) is usable. 
[0046] 

Sulfur and organic peroxide are used for cross-linking 
of the above mentioned rubber, and it is possible as organic 
peroxide to list, for example, dicumyl peroxide, di-t -butyl 
peroxide, t-butylcumyl peroxide, benzoyl peroxide, 1, 
3-bis ( t-butyl peroxy isopropyl) benzene, 2, 5-dimethyl-2 , 
5-di(t-butyl peroxy) hexyne-3, 2, 5-dimethyl-2 , 5- (benzoyl 
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peroxy) hexane, 2, 5 -dimethyl- 2 , 5 -mono ( t -butyl peroxy) hexane, 

and so on. 

[0047] 

Also, by blending a co-agent, the degree of cross-linkage 
can be increased to enable prevention of problems such as 
adhesive abrasion or the like. Listed as co-agents are TIAC, 
TAC, 1, 2polybutadiene , metal salt of unsaturated carboxylic 
acid, oxime group, guanidine, trimethylolpropane 
trimethacrylate , ethylene glycol dimethacrylate , 

N-N ' -m-phenylene bismaleimide , sulfer and so on, which are 
normally used for peroxide cross-linkage. 
[0048] 

And used at need in addition to the above are a reinforcing 
material such as carbon black and silica, a bulking agent such 
as calcium carbonate and talc, a plasticizer, a stabilizing 
agent, a processing aid, and a coloring agent , which are normally 
used for rubber compound. 
[0049] 

In addition, a rubber composite used for the adhesive 
rubber 72 is similar to a rubber compound of a compression rubber 
layer 104, from which short fibers are removed. Of course, short 
fibers may be contained. 
[0050] 

Polyester fibers, aramid fibers and glass fibers are used 
as the tension members 71, and among others, cords formed by 
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twisting groups of polyester fiber filaments, a main unit of 
which comprises ethylene- 2 and 6-naphthalate and which have 
a total denier number of 4000 to 8000, to subject the same to 
adhesion processing, are preferable because a belt slip rate 
can be restricted to be low and a belt is extended in life. 
Also, tension members 102 are subjected to adhesion processing 
with a view to improving adhesiveness to rubber. Common as such 
adhesion processing is to immerse fibers in a 
resorcine-f ormalin-latex (RFL) liquid and to then heat and dry 
the fibers to form an adhesive layer uniformly on surfaces 
thereof. However, this is not limitative but a method of 
performing a processing with the RFL liquid after a preliminary 
processing with epoxy or isocyanate compound is performed is 
also serviceable . 
[0051] 

By adopting a spinning pitch, that is, a winding pitch 
of tension members of 0.9 to 1.3 mm, the tension members 71 
can be finished to form a belt having a high modulus. In the 
case of less than 0.9 mm, cords run on adjacent cords to make 
winding impossible while a resulting belt is gradually decreased 
in modulus when 1.3 mm is exceeded. 
[0052] 

The back-surface reinforcement material 76 is chosen 
among cloth, knitting, and nonwoven fabric, and nonwoven fabric 
is more preferable. Listed as a constituent fiber material are 
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natural fiber such as cotton, linen, rayon, and so on, and organic 
fiber such as polyamide, polyester, polyethylene, polyurethane, 
polystyrene, polyf luoroethylene , polyacryl, polyvinyl alcohol , 
aromatic polyester, aramid, or the like. The canvas is immersed 
in a resorcine- formalin -latex (RFL) liquid according to a known 
technique, and then subjected to friction, in which non-cured 
rubber is rubbed in the back- surface reinforcement material 
76 , and immersed in the RFL liquid to be subjected to a processing 
to be immersed in a soaking liquid with rubber dissolved in 
a solvent. 
[0053] 

A V-ribbed belt obtained in this manner can be reduced 
in production man-hour and afford forming a transmission belt 
because the adhesive rubber and the compression rubber layer 
are beforehand laminated on each other. 
[0054] 

Subsequently, a concrete example of a method of 
manufacturing a V-ribbed belt is shown in the following. 
Embodiment 1 , Comparative example 1 

A CR rubber compound shown in TABLE 1 was used as 
short -fiber containing rubber, short fibers were beforehand 
thrown into rubber by an open roll to be kneaded, and then a 
master batch as kneaded was once ejected to be cooled up to 
room temperature. The master batch and other compounds were 
thrown into an extruder, which is shown in TABLE 1 to knead 
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short-fiber containing rubber , to be extruded. Simultaneously, 
the CR rubber compound shown in TABLE 1 was used as adhesive 
rubber to be thrown into an extruder, which is shown in Fig. 
1 to knead short -fiber containing rubber, to be extruded. 
In addition, no adhesive rubber was used in the Comparative 
example and only one layer of short -fiber containing rubber 
was used. 
[0055] 



[TABLE 1] 





SHORT-FIBER 
CONTAINING RUBBER 


ADHESIVE RUBBER 


PART BY MASS 


PART BY MASS 


CR (SULPHUR 
MODIFIED TYPE) 


100 


100 


STEARIC ACID 


2 


2 


NYLON CUT YARN 


15 




ARAMID CUT YARN 


5 




OIL 


5 


5 


CARBON BLACK 


25 


25 


ANTIOXIDANT 


4 


4 


BISMALEIMIDE 


2 


2 


ZINC OXIDE 


5 


5 



[0056] 



Then gradual extension toward a discharge port in a 
circumferential direction and shearing forces were imparted 
to the short-fiber containing rubber according to dimensional 
conditions of an expansion die and temperature conditions of 
an extruder shown in TABLE 2, whereby a two -layered 
cylindrical -shaped molded body composed of the short -fiber 
containing rubber laminated on an inner peripheral side thereof 
and the adhesive rubber laminated on an outer peripheral side 
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thereof was extrusion -molded and cut out to make a molded sheet 

with the adhesive rubber. 

[0057] 



[TABLE 2] 





EMBODIMENT 
(TWO LAYERS) 


COMPARATIVE 

EXAMPLE 
(SINGLE LAYERS 


EXTRUDER 


<|>90 


d>90 


EXPANSION 
HEAD 


NIPPLE 
DIAMETER 

/ V 

(mm) 






RUBBER 

PASSAGE 

OUTLET 

CENTRAL 

DIAMETER 

(mm) R2 


(j>262.5 


<j>262 


RUBBER 

PASSAGE 

INLET 

CENTRAL 

DIAMETER 

(mm) R1 


<|>77 


(|>77 


EXPANSION 
RATIO R2/R1 


3.4 


3.4 


TEMPERATURE 

(°C) 


SCREW 


60 


60 


CYLINDER 

(THROWING 

SIDE) 


60 


60 


CYLINDER 
(HEAD SIDE) 


50 


50 


HEAD 


75 


75 


SCREW ROTATING SPEED (rpm) 


20 


20 


RUBBER SHEET 
THICKNESS (mm) 


SHORT-FIBER 

CONTAINING 

RUBBER 


3.0 


3.0 


ADHESIVE 
RUBBER 


0.5 




RUBBER SHEET Wl 


DTH (mm) 


640 


640 


ORIENTATION 


TB 

RATIO 


OUTER 
LAYER 


(ADHESIVE RUBBER) 


1.5 


MIDDLE 
LAYER 


2.0 


2.0 


INNER 
LAYER 


2.0 


1.5 
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OUTER 
LAYER 


(ADHESIVE RUBBER) 


50 




EB(%) 


MIDDLE 
LAYER 


300 


300 






INNER 
LAYER 


250 


100 



TB ratio = TB (direction perpendicular to extrusion) /TB 
(direction in parallel to extrusion) 



TB: tensile breaking strength 

EB = elongation in a direction in parallel to extrusion at the 

time of tensile breakage 

[0058] 

With the V-ribbed belt manufactured in the embodiment, 
two plies of rubber cotton canvas were laminated on a mold, 
and tension members composed of polyester fiber rope and a molded 
sheet with adhesive rubber were wound round the canvas to make 
a belt molded body. 
[0059] 

Orientation of short fibers in the thus obtained molded 
sheet with adhesive rubber was evaluated. In this evaluation, 
the sheet was sliced into three layers, that is, an outer layer, 
a middle layer, and an inner layer. Tensile strength ratio (TB 
ratio) (direction perpendicular to extrusion/direction in 
parallel to extrusion) and elongation (EB) in a direction in 
parallel to extrusion at the time of tensile breakage were found 
by measuring tensile strength (TB) of these respective sheets 
in a circumferential direction and in an axial direction, 
respectively, according to JIS K6251. The greater the tensile 
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strength in the direction perpendicular to extrusion as compared 
with the tensile strength in direction in parallel to extrusion, 
that is, the greater the TB ratio, the more favorable the 
orientation of short fibers in the circumferential direction. 
[0060] 

According to the above, it is found in the embodiment 
that a magnitude of the TB ratio in the outer layer corresponds 
to the adhesive rubber and differences in TB ratio and EB are 
slight in the middle and inner layers, so that short fibers 
are favorably oriented. With the embodiment, since the outer 
layer is constituted by the adhesive rubber, orientation of 
short fibers can be neglected. With the single layer in the 
comparative example, it is found that the outer layer is small 
in TB ratio and EB and orientation of short fibers is degraded. 
[0061] 

Then curing was performed in a normal way after a jacket 
was fitted onto the belt molded body. After curing, the jacket 
was taken out , a belt sleeve was stripped from the mold , grinding 
was carried out by a grinder, and individual belts were cut 
from the belt sleeve to fabricate a V-ribbed belt. 
[0062] 

The V-ribbed belt thus obtained was a K type 3 ribbed 
belt, according to RMA standards, having a length of 975 mm, 
a rib pitch of 3.56 mm, a rib height of 2.0 mm, a belt thickness 
of 4.30 mm and a rib angle of 40° . 
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[0063] 

[Advantage of the Invention] 

According to the invention, by extrusion molding a 
two- layered cylindrical -shaped molded body with adhesive 
rubber laminated on an outer peripheral side of short-fiber 
containing rubber and then linearly cutting out the 
cylindrical- shaped molded body to make a molded sheet with the 
adhesive rubber, smooth extrusion is enabled to prevent 
generation of roughing of rubber surfaces, and by beforehand 
laminating the adhesive rubber and the molded sheet, which will 
make a sheet for compression rubber, there is produced an effect 
that a transmission belt such as V-ribbed belt, double V-ribbed 
belt can be molded at low cost with less production man-hour. 
[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is a schematic view illustrating the process of 
linearly cutting out a cylindrical -shaped molded body, having 
been subjected to extrusion molding, to make the same a 
short -fiber oriented rubber sheet laminated an adhesive rubber . 
[Fig. 2] 

Fig. 2 is a schematic view illustrating the process of 
linearly cutting out a cylindrical -shaped molded body, having 
been subjected to extrusion molding, to make the same a 
short - f iber oriented rubber sheet laminated an adhesive rubber , 
according to an other embodiment . 
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[Fig. 3] 

Fig. 3 is a schematic view illustrating the process of 
linearly cutting out a cylindrical -shaped molded body, having 
been subjected to extrusion molding, to make the same a 
short -fiber oriented rubber sheet laminated an adhesive rubber, 
according to an other embodiment . 
[Fig. 4] 

Fig. 4 is an enlarged view showing a C part in Fig. 3. 
[Fig. 5] 

Fig. 5 is a cross sectional view taken along the line 
A- A in Fig. 1. 
[Fig. 6] 

Fig . 6 is a perspective view showing a rubber sheet obtained 
by cutting out a short-fiber oriented rubber sheet with adhesive 
rubber . 
[Fig. 7] 

Fig. 7 is a cross sectional view showing a state, in which 
V- grooves are ground on a belt sleeve fabricated on a mold. 
[Fig. 8] 

Fig. 8 is a cross sectional view showing a state, in which 
a belt molded body for double V-ribbed belt is fabricated on 
a mold. 
[Fig. 9] 

Fig. 9 is a cross sectional view showing a V-ribbed belt 
obtained in the manufacturing method according to the invention . 
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[Description of Reference Numerals and Signs] 

2a: first extruder 

2b: second extruder 

5: expansion die 

8: rubber passage 

10: inner die 

11: inlet 

12: discharge port 

13: outer die 

15: short-fiber containing rubber 

16: adhesive rubber 

17: cylindrical -shaped molded body 

19: cutting means 

20: short-fiber oriented rubber sheet 

50: mold 

51: back-surface reinforcement material 

52: adhesive rubber 

53: tension members 

54: molded sheet 

55: belt molded body 

56: ribs 
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[Designation of Document] Abstract 
[Abstract] 

[Problem] To provide a method of manufacturing a transmission 
belt, which can be molded by laminating a rubber layer 
corresponding to a compression rubber layer with short fibers 
oriented in a fixed direction, and an adhesive rubber layer 
containing no short fibers together and smoothly extruding the 
layers while generation of roughing of rubber surfaces is 
prevented, production man-hour is reduced, and cost is 
decreased. 

[Means for Resolution] A method of manufacturing a transmission 
belt, in which method a two-layered cylindrical -shaped molded 
body 17, which is composed of short-fiber containing rubber 
laminated on an inner peripheral side thereof and adhesive rubber 
laminated on an outer peripheral side thereof, is subjected 
to extrusion molding with an expansion die 5 gradually enlarged 
in diameter from an inlet to a discharge port, and cut out to 
make a short-fiber oriented rubber sheet 20, on which the 
adhes ive rubber 1 6 is laminated , the short - f iber oriented rubber 
sheet 20 is cut to a predetermined length in a longitudinal 
direction to make a molded sheet 54 with adhesive rubber 52, 
at least tension members 53 and the molded sheet 54 with the 
adhesive rubber 52 are wound round a mold 50 , the tension members 
53 and the adhesive rubber 52 are made adjacent to each other 
to fabricate a belt molded body 55, and the belt molded body 
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is cured and ground to finish a belt sleeve provided with ribs 
56. 

[Selected Drawing] Figure 7 
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Fig. 6 
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